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Comment on ’Evidence for Stratification of Deuterium-Tritium Fuel in Inertial
Confinement Fusion Implosions’
Hua Zhenga) and Aldo Bonaseraa,b)
a)Cyclotron Institute, Texas A&M University, College Station, TX 77843, USA;
b)Laboratori Nazionali del Sud, INFN, via Santa Sofia, 62, 95123 Catania, Italy.
Recent implosion experiments performed at the OMEGA laser facility reported by Casey et al.[1],
displayed an anomalously low dd proton yield and a high tt neutron yield as compared to dt fusion
reactions, explained as a stratification of the fuel in the implosion core. We suggest that in the com-
pression stage the fuel is out of equilibrium. Ions are inward accelerated to a velocity v0 independent
on the particle type. Yield ratios are simply given by the ratios of fusion cross-sections obtained
at the same velocity. A ’Hubble’ type model gives also a reasonable description of the data. These
considerations might be relevant for implosion experiments at the National Ignition Facility as well.
PACS numbers: 52.57.-z
Assuming thermal equilibrium, the yield ratios of dif-
ferent reactions in imploding-exploding pellets can be ob-
tained as [1]:
Y11
Y12
∼=
1
2
f1
f2
〈σv〉11
〈σv〉12
, (1)
see [1] for an explanation of the factors. In Fig. 1, we
plot yield ratios as function of temperature. Eq. (1)
overestimates dd fusions (top-panel) and underestimates
tt fusions (bottom-panel). A possible explanation given
in [1, 2] calls for a modification during the process of
the ion concentrations, f1, f2, Eq. (1). While this is
surely a possible explanation, we would like to point out
that the fuel is initially cold and at rest. Suddenly, the
fuel is accelerated due to the action of the lasers. The
fuel is compressed to a maximum density, comes to a halt
and finally expands. Thermal equilibrium is not obtained
instantaneously and we can assume that, in the implosion
stage, the fuel is radially accelerated inward to a velocity
v0 independent of the particle type. The ratios are now
given by:
Y11
Y12
∼=
1
2
f1
f2
σ(v0)11
σ(v0)12
. (2)
Which can be obtained from Eq. (1) substituting the
Maxwellian distribution with a δ(v − v0). We can define
a ’temperature’ as E = 12µv
2
0 =
3
2T but we stress that
the system might not reach thermal equilibrium; µ is the
dt reduced mass, but it could be the dd or tt reduced
mass or an average value, which introduces a small error
on the T-axis in Fig. 1. The results obtained from Eq.
(2) are plotted in Fig. 1, in much better agreement to
data. Assuming a step function in Eq. (1), θ(v − v0),
gives similar results. We have estimated other possible
velocity distributions, for instance v = −βr, a ’Hubble’
type implosion [3]. If we further assume a Gaussian den-
sity distribution at the time when most of the nuclear
fusions occur:
ρ(r(v)) = c exp(−
r2
r20
) = c exp(−
v2
v20
) = c exp(−
E
T
). (3)
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Figure 1: Yield ratios as function of temperature. Full lines
are obtained from reactions rates, Eq. (1), dash-dotted lines
from Eq. (2), and dashed lines from a ’Hubble’ type model,
Eq. (3).
We can define an ’effective temperature’ as T = 12µv
2
0
and we notice that such a ’temperature’ depends on the
reduced masses of the reactants. Thus the yield ratios
can be calculated from Eq. (1) with shifted values of
T and are plotted in Fig. 1 displaying some agreement
to data. This simple example is just to illustrate how
a non-equilibrium distribution might look like an equi-
librated one. Naturally in the expansion phase thermal
equilibrium might be reached and an experimental deter-
mination of the plasma distribution is needed.
In conclusion, in this comment we have shown that
non-equilibrium effects could explain (part of) the data
and their detailed reproduction might tell us the veloc-
ity distribution (and the ion concentrations) at the time
when nuclear fusions occur.
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